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Figure S1 (A) Timeline of mouse preparation and behavioral training. Mice were implanted with a head-post and allowed to recover for 1 week. They were then water deprived for 24 hours and habituated to head restraint while being given free access to water through the reward spout ('free licking'). On subsequent days, mice were trained on the detection task until stable performance was achieved, usually by training day 8.
(B) Day-by-day behavioral performance curve for all mice (n = 28 mice, of which whole-cell recordings were obtained in 25 of these mice). Mice achieved a stable level of performance after approximately 1 week of training.
Values are mean ± SEM. Values are mean ± SEM. *, p < 0.05. ns = non-significant. (A) The probability that a mouse trained in the whisker detection task will lick the reward spout (lick probability) is plotted vs various stimulation parameters.
For dSPN-ChR2 mice, blue light stimulation, ranging from 5-500 ms in duration could effectively substitute for whisker stimulation. Performance of the mice with even the shortest light pulse used, 5 ms, was not statistically significantly different from whisker stimulation (n = 6 mice, Kruskal-Wallis test followed by Student-Newman-Keuls test p > 0.05) and with longer duration (50 and 500 ms) mice performed even better than with whisker stimulation (n = 6 mice, Kruskal-Wallis test followed by Student-Newman-Keuls test p < 0.01). Values are mean ± SD.
(B) For iSPN-ChR2 mice trained in the whisker detection task, blue light stimulation of 50 ms or 500 ms duration could not substitute for whisker stimulation, and performance in response to light stimulation in these animals was not different from the false alarm rate (n = 6 mice, Kruskal-Wallis test followed by Student-Newman-Keuls test p > 0.05). Values are mean ± SD.
(C) In order to investigate a striatal motor signal in the absence of training in the whisker detection task, we trained thirsty mice to lick a reward spout, and water was delivered anytime the mouse licked after a 4 s period without any lick. Random unrewarded optogenetic stimulation of dSPNs readily evoked licking in these highly motivated free-licking mice. Licking probability was significantly higher following blue light pulses of any duration (10 ms, 79.3 ± 19.8 %; 50 ms, 97.4 ± 5.3 %; or 500 ms, 98.9 ± 2.2 %) than in the absence of light pulse (Light-off, 22.4 ± 9.1 %) (n = 4 mice, Kruskal-Wallis test followed by Student-Newman-Keuls test p < 0.01). Values are mean ± SD.
(D) Optogenetic stimulation of iSPNs in free-licking mice did not evoke licking. Licking probability was not significantly different following blue light pulses of any duration (10 ms, 38.7 ± 24.9 %; 50 ms, 36.6 ± 12.3 %; or 500 ms, 21.2 ± 17.1 %) than in the absence of light pulse (Light-off, 47.9 ± 17.3 %) (n = 5 mice, Kruskal-Wallis test, p > 0.05). Values are mean ± SD.
(E) Schematic diagram illustrating pathways likely to contribute to the goaldirected sensorimotor transformation underlying the whisker detection task.
Ascending somatosensory glutamatergic input from the brainstem brings 8 whisker sensory information to the thalamus. Thalamocortical neurons signal information to the neocortex. In a previous study we found that primary somatosensory neocortex participates causally in performance of the detection task (Sachidhanandam et al., 2013) . The neocortex innervates many brain regions involved in motor control, including a strong projection to the striatum. The data in this study are consistent with direct-pathway striatal projection neurons (dSPNs) sending a fast transient inhibitory signal to the substantia nigra pars reticulata in response to detected whisker stimuli.
Transient inhibition of GABAergic neurons in substantia nigra pars reticulata could then mediate disinhibition of thalamus and brainstem motor nuclei. The resulting enhanced activity in thalamus and brainstem motor nuclei could contribute to driving the learned goal-directed sensorimotor transformation underlying the whisker detection task. 
Behavioral Training
One week after implantation, all whiskers were again trimmed except the C2 whisker on either side. Over a period of 1-2 days mice were adapted to head restraint. They were subsequently water deprived for 24 hours before behavioral training. During training in the detection task, mice received water exclusively in the behavioral setup, and were allowed brief free access (15 minutes) to wet food immediately thereafter in an individual cage. Iron filings were applied to the right C2 whisker at the beginning of each training session, allowing the whisker to be vertically deflected by a 1 ms current pulse passed through an electromagnetic coil placed immediately beneath the head of the mouse. Mice were then trained to associate this deflection of the C2 whisker with the availability of water at a reward spout placed within reach of their tongue. If the mouse licked the spout within the reward window (1 s), it was considered a hit trial, and the mouse received a drop of water. If not, it was considered a miss trial and no reward was delivered. Whisker stimuli were delivered without any preceding cues at random time intervals ranging between 6 and 10 seconds. To discourage spontaneous licking, a 4 s timeout period was imposed during which no lick should occur in order to start a trial.
Trials with whisker stimuli were randomly interleaved with 'catch trials' in which no stimulus was given. If licks occured during the response window of a catch trial it was considered a false alarm.
Mice were able to achieve a stable level of performance over the course of a few days ( Figure S1 ), with a high hit rate and a low false alarm rate. Ambient white noise was played at all times to mask any potential auditory cues arising from whisker stimulation. Licks were detected with piezo-film attached to the reward spout. Behavioral control and data collection were carried out with custom written computer programs using either an ITC18 (Instrutech) interfaced through IgorPro (Wavemetrics) or a National
Instruments board interfaced through LabView. Once the mice achieved a consistent level of performance (hit rate greater than 80% and false alarm rate less than 35%) they were considered adequately trained and were subsequently used for electrophysiological recordings or optogenetic manipulations.
The state of motivation of the mice plays an important role in determining the probability of licking in response to whisker stimulation.
However, within the relatively short V m recording periods we did not find any change in behavioral performance. The 'miss rate' of 49.7 ± 5.7 % (i.e. 'hit rate' of 50.3 ± 5.7 %) at the beginning of the recordings (first quarter of trials)
did not differ appreciably from the 'miss rate' of 40.7 ± 6.3 % (i.e. 'hit rate' of 59.3 ± 6.3 %) at the end of the recordings (last quarter of the trials).
Electrophysiology
On the day of recording, a small (less than 1 mm diameter) craniotomy was made under isoflurane anesthesia over the dorsolateral striatum (stereotaxic coordinates: 0 mm anterior and 2.8-3.0 mm lateral of bregma). Mice were allowed to recover from anesthesia for two to four hours. Then, whole-cell patch-clamp recordings were obtained as previously described (Sachidhanandam et al., 2013; Reig and Silberberg, 2014 Na 3 GTP (adjusted to pH 7.3 with KOH), to which 2-4 mg/ml biocytin was Mice expressing ChR2 were trained in the whisker detection task as described above, with the addition of ambient blue light. On the transfer test day, a craniotomy of ~1 mm diameter was opened over the dorsolateral striatum, and animals were allowed to recover for at least 2 hours. A multimode fiber optic cable (Thorlabs; 300 µm) coupled to a 473 nm blue laser (GMP) was then lowered to a depth of ~2 mm into the brain directly above dorsolateral striatum. During behavioral testing, a third kind of trial (ChR2 stimulus trials) was randomly interleaved with whisker stimulus and catch trials. The light stimulus consisted of a single pulse of blue light of either 5, 10, 50 or 500 ms. At the end of the experiment, the mice were anesthetized and perfused so their brains could be recovered to verify both the injection sites and placement of the optic fiber.
We also carried out optogenetic stimulation experiments in free-licking mice, which were not trained in the whisker detection task, but were waterdeprived and trained to lick the reward spout in order to obtain water rewards ( Figure S4 ). Three weeks following virus injection, mice were water deprived and trained in a free-licking task where water was delivered any time the mouse would lick after a 4 s period of no licking. Mice were trained for 2-4
sessions. On the test day, an optical fiber was lowered to a depth of ~2 mm into the brain directly above dorsolateral striatum. During behavioral testing, we randomly applied light stimuli of 10, 50 or 500 ms, or no light pulse (Lightoff). Licking in response to optogenetic stimuli was not reinforced by water rewards. Lick probability was computed within a 1 s time window following the onset of the optogenetic stimulus.
Histology and immunohistochemistry
After recording, the mice were perfused with a 4% paraformaldehyde ( 
13

Data analysis
All data analysis was performed in MATLAB using custom written algorithms.
To assess the amplitude of the early sensory response, the maximum depolarization of V m over 0-50 ms post stimulation was calculated and subtracted from the baseline (calculated to be the average V m over the 500 ms before the stimulus). To measure the amplitude of the late depolarization, The effects of spontaneous unrewarded licking upon striatal V m was quantified across licking bouts that occurred at least 4 seconds prior to, and least 4 seconds after any whisker stimulation. In addition each spontaneous licking bout was separated by at least 2 seconds from the previous licking bout. The first lick in the licking bout was identified, and used to align epochs before averaging.
All values are presented as mean ± SEM (except Figures 4D and S4A -D, which show mean ± SD). Non-parametric statistical tests were used to assess significant differences. The Wilcoxon-Mann-Whitney two-sample rank test was used for unpaired samples (dSPNs vs iSPNs). The Wilcoxon signed rank test was used for paired samples (hit vs miss trials). For multiple comparisons, we first performed a Kruskal-Wallis test, then a nonparametric variation on the Student-Newman-Keuls test to compare between samples.
